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Claims 

1 . A digital information processing device characterized by including an amplifier circuit 
that can form a relatively low oscillation frequency signal by coupling an external part, an 
internal circuit that receives the oscillation frequency signal to perform constant operation, and a 
PLL circuit that uses the aforementioned oscillation frequency signal as a reference frequency 
signal and forms a relatively high-frequency signal as a clock signal for performing information 
processing. 

2. The digital information processing device described in Claim 1 characterized by the 
fact that the aforementioned PLL circuit is operated intermittently depending on a prescribed 
control signal. 

3. The digital information processing device described in Claim 1 or 2 characterized by 
the fact that the aforementioned digital information processing device is constituted by a CMOS 
circuit. 

4. The digital information processing device described in Claim 1, 2, or 3 characterized 
by the fact that the aforementioned digital information processing device is a semiconductor 
integrated circuit having a one-chip microcomputer function. 

Detailed explanation of the invention 
Technical field 

The present invention pertains to a digital information processing device, for example, 
effective technology used for a semiconductor integrated circuit device having a microcomputer 
function. 

Background technology 

For example, a liquid crystal display control circuit taking advantage of a one-chip 
microcomputer function is well known (see "Liquid crystal driving type LCD III User's Manual" 
published by Hitachi in September 1982). 

In semiconductor integrated circuit device LCD III, the operation of an oscillation circuit 
for a clock is stopped (halted) by a program or an external control signal, and the operation of the 
internal circuit is stopped. In this way, power consumption can be reduced. The aforementioned 
halted operation is released by a prescribed time signal formed by a separate oscillation circuit 
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for a timer. Consequently, it is necessary to use two oscillation circuits, one for a clock and the 
other for a timer. Therefore, a crystal oscillator and other external parts that constitute the two 
oscillation circuits are needed. It is also necessary to use two groups (total of 4) of external 
terminals for connecting them. 

Also, if crystal vibration or ceramic vibration is used in order to stabilize the frequency of 
the aforementioned oscillation circuit for a clock operated intermittently, when the halted 
operation is released, that is, when the aforementioned oscillation circuit for a clock is again 
operated, abnormal oscillation occurs, and time is required to obtain a stabilized frequency 
signal. The response property is poor. 

Objective of the invention 

The objective of the present invention is to provide a digital information processing 
device that can reduce power consumption and reduce the number of external terminals and 
external parts. 

The aforementioned objective and other objectives of the present invention and its novel 
characteristics will be clarified from the description of the specification and' the attached figures. 

Summary of the invention 

A summary of the invention disclosed in this patent application is described briefly 
below. A relatively high-frequency signal is formed by a PLL (phase locked loop) circuit that 
uses a relatively low-frequency signal of a timer, etc., as reference frequency signal. In this way, 
a relatively high frequency clock signal used for information processing is obtained. 

Application examples 

Figure 1 is a block diagram illustrating an application example of a one-chip 
microcomputer to which the present invention is applied. As shown in the figure, the part 
encircled by the dotted line is an integrated circuit LSI. The various circuit blocks formed in this 
circuit constitute a one-chip microcomputer. They are formed on one silicon semiconductor 
substrate using conventional semiconductor integrated circuit manufacturing technology. 

The part represented by symbol CPU is a microprocessor. Its main constituent blocks are 
shown in the figure. 

A is an accumulator. X is an index register. CC is a condition code register. SP is a stack 
pointer. PCH, PCL are program counters. CPU-CONT is a CPU controller. ALU is an arithmetic 
logic operation unit. 

Since the configuration of said microprocessor CPU is well known, for example, as 
described in "Basis of a microprocessor" by Koji Yata and published by Ohm Corp. on April 10, 



4 


1978, it will not be explained in detail here. An interrupt signal supplied from outside or the 
various signals sent outside are shown as signal C. 

The part represented by symbol I/O is an input/output port. It includes an internal data 
transfer direction register. Also, the part represented by symbol I is the special port for input. 

The part represented by symbol OSC is an oscillation circuit. There is no special 
limitation on this circuit, which can form a highly-accurate reference frequency signal using 
externally attached crystal vibrator Xtal. There is no special limitation on the reference frequency 
signal, which is a relatively low-frequency signal of about 32.768 kHz. It is also used as the 
reference time pulse for a timer to be explained below. The timer is constituted by counter 
COUT, frequency divider PR, and controller CONT. Said frequency divider PR receives an 
oscillation output formed by said oscillation circuit OSC and forms a one-second pulse. Counter 
COUT counts one-second pulses to form time information. Controller CONT is used to set a 
time and performs various timer controls. The timer comprised of the aforementioned parts is set 
in constant operation by its power supply. Also, the relatively low-frequency signal formed by 
said oscillation circuit OSC is used as a clock signal for liquid crystal driving circuit LCD-DRV. 
Said liquid crystal driving circuit LCD-DRV includes a shift register that receives display 
information, a latch circuit, a driving circuit that receives the output of the latch circuit and 
drives the segment electrode of a liquid crystal, and a driving circuit that drives the common 
electrode. 

The oscillation frequency signal formed by said oscillation circuit OSC is also used to 
form the clock signal of said microprocessor CPU. In other words, as will be described later, 
clock-generating circuit CPG that forms the clock signal of microprocessor CPU includes a PLL 
circuit that uses the aforementioned oscillation frequency signal as a reference frequency signal. 
A clock signal with a relatively high frequency of about 4-8 MHz is formed in order to operate 
the microprocessor at high speed. 

The part represented by symbol RAM is a random access memory. It is mainly used to 
store data temporarily. 

The part represented by symbol ROM is a read only memory. It is used to store a 
program for various information processing. 

The aforementioned circuit blocks are connected to each other by bus BUS with 
microprocessor CPU as the center. Said bus BUS includes a data bus and an address bus. 

Figure 2 is a diagram illustrating an application example of the aforementioned 
oscillation circuit OSC and clock-generating circuit CPG. 

There is no special limitation on oscillation circuit OSC, which may have the following 
configuration. A bias resistor R1 is set between the input and output of a CMOS (complementary 
MOS) inverter circuit IV. Said inverter circuit IV operates as an inverting amplifier. Its input and 
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output are connected to external terminals PI, P2, respectively. For said invert circuit IV, crystal 
vibrator Xtal is connected between external terminals PI, P2. Capacitors Cl, C2 are connected 
between external terminals PI, P2 and the ground potential point of the circuit to form an 
oscillation circuit. Also, when a reference frequency signal is supplied from external terminal PI, 
said inverter circuit IV outputs a frequency signal correspondingly. The oscillation output 
obtained from the output of said CMOS inverter circuit IV is supplied to frequency divider PR 
(not shown in the figure) that constitutes a timer. 

The output of said oscillation circuit OSC is also used as a reference frequency signal of 
the PLL circuit that constitutes clock-generating circuit CPG. In other words, the aforementioned 
oscillation output is supplied to one of the inputs of phase comparator PD via NOR (NOR) gate 
circuit G1 . The output of voltage-controlled oscillation circuit VCO whose frequency is 
decreased (divided) by a prescaler PSC is supplied to the other input of said phase comparator 
PD. The output of phase comparator PD is supplied to the control voltage terminal of said 
voltage-controlled oscillation circuit VCO via low-pass filter LPF. By using this PLL loop, the 
oscillation frequency of said voltage-controlled oscillation circuit VCO is phase (frequency) 
locked to a relatively high frequency, such as about 4 MHz, according to the inverse frequency 
dividing ratio of prescaler PSC with respect to the reference frequency of about 32 KHz formed 
by said oscillation circuit OSC. The aforementioned relatively high-frequency signal formed by 
said voltage-controlled oscillation circuit VCO is supplied to clock providing circuit CP, which 
generates the essential clock signal. 

In this application example, in order to reduce the power consumption of the clock- 
generating circuit CPG, aforementioned PLL circuit is operated intermittently. In order to realize 
intermittent operation of the PLL circuit, for voltage-controlled oscillation circuit VCO, the 
forward feedback loop is cut off according to the output of OR (OR) gate circuit G2. Also, when 
the output of OR gate circuit G2 is provided to the other input of said NOR gate circuit G1 , the 
aforementioned reference frequency signal will be provided selectively to phase comparator PD. 
In other words, when the output signal of OR gate G2 is at high level (logic " 1 "), the output of 
said NOR gate circuit G1 is fixed at low level (logic "0"). A control signal following an 
instruction sent from microprocessor CPU and a control signal provided from external terminal 
P3 are supplied to the input of said OR gate circuit G2. For example, when a halt signal formed 
by microprocessor CPU is held by a latch circuit, not shown in the figure, a high level signal is 
provided to said OR gate circuit G2. The operation of voltage-controlled oscillation circuit VCO 
is halted, and the PLL loop is cut off. When the aforementioned latch circuit is reset by the 
output of the timer, aforementioned clock-generating circuit PCG [sic; CPG] will be restarted. 
This operation is carried out in the same way depending on the control signal sent from external 
terminal P3. A intermittent clock signal is formed by the operation of the intermittent clock- 
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generating circuit CPG. In this way, power consumption can be reduced by stopping the clock 
signal during the period when microprocessor CPU is not engaged in information processing. 

Figure 3 is a circuit diagram illustrating an application example of the aforementioned 
voltage-controlled oscillation circuit VCO. The various circuit elements shown in the figure are 
formed on one semiconductor substrate made of single crystal silicon using conventional CMOS 
(complementary MOS) integrated circuit manufacturing technology. In this figure, a MOSFET 
with a straight line added between the source and drain is of the p-channel type. 

The integrated circuit is formed on a semiconductor substrate made of single crystal 
p-type silicon. An n-channel MOSFET is comprised of a source region and a drain region formed 
on the surface of a semiconductor substrate and a gate electrode made of polysilicion and formed 
via a thin gate insulated film formed on the surface of the semiconductor substrate between the 
source region and the drain region. A p-channel MOSFET is formed in an n-type well region 
formed on the surface of the aforementioned semiconductor substrate. In this way, the 
semiconductor substrate constitutes a common substrate gate for plural n-channel MOSFETs 
formed on it. The n-type well region constitutes a substrate gate for the p-channel MOSFET 
formed on it. 

Control voltage VC is provided to the gates of n-channel MOSFETs Ql, Q2. Said 
MOSFET Q2 forms a current source to generate discharge current of capacitor C. In other words, 
MOSFET Q2 discharges capacitor C via n-channel type switch MOSFET Q5 by following 
aforementioned control voltage VC. A current mirror circuit comprised of p-channel MOSFET 
Q3, Q4 is set at the drain of said MOSFET Ql. In this way, the drawn-in current obtained from 
the drain of said MOSFET Ql according to control voltage VC is converted to push-out current 
via said current mirror MOSFETs Q3, Q4. The push-out current obtained from the drain of said 
MOSFET Q4 is provided to capacitor C via p-channel type switch MOSFET Q6 to charge 
capacitor C. Said switch MOSFETs Q5, Q6 are set in complementary operating states when the 
output of a Schmidt trigger circuit having the following gate function is supplied to their gates to 
charge/discharge said capacitor C. The voltage V of said capacitor C is supplied to the input of a 
CMOS inverter circuit comprised of n-channel MOSFET Q7 [sic; Q6] and p-channel MOSFET 
Q7. The output of the inverter circuit is supplied to one of the inputs of CMOS NOR gate circuit 
G3. The output of NOR gate circuit G3 is supplied to the gates of switch MOSFETs Q5, Q6 that 
charge/discharge said capacitor C. The output of said NOR gate circuit G3 is also supplied to the 
gates n-channel MOSFET Q8 and p-channel MOSFET Q9 that comprise a CMOS inverter. The 
output of the inverter circuit is commonly connected to the output of the CMOS inverter circuit 
that receives the voltage V of said capacitor C. In other words, in said two CMOS inverter 
circuits, n-channel MOSFETs Q6, Q8 and p-channel MOSFETs Q7, Q9 are parallel to each 
other. In this way, CMOS inverter circuit (Q6, Q7) that receives voltage V of capacitor C 
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constitutes a Schmidt trigger circuit having two logic threshold voltages VH and VL to be 
described later. The other input of said NOR gate circuit G3 is sent to control terminal C used for 
stopping the oscillation operation. 

In the following, the operation of the aforementioned voltage-controlled oscillation 
circuit VCO will be explained based on the operation waveform diagram shown in Figure 4. 

When a low-level signal (logic "0") is sent to aforementioned control terminal C, NOR 
gate G3 [illegible; possibly, opens] the gate to transfer the output of inverter circuit (Q6, Q7). 
Since the output of NOR gate circuit G3 is low level, p-channel type switch MOSFET Q6 is 
switched to the on state, and capacitor C is charged by the drain current of p-channel MOSFET 
Q4. At that time, p-channel MOSFET Q9 is turned on by the low-level output of NOR gate 
circuit G3. In this way, the output of the CMOS inverter circuit receiving voltage V of capacitor 
C has an offset to the high level side due to the on state of said p-channel MOSFET Q9. In other 
words, since the combined conductance of MOSFETs Q7 and Q9 is increased, the logic 
threshold voltage at that time becomes a relatively high voltage, such as VH. When voltage V is 
raised as a result of charging of capacitor C, even if n-channel MOSFET Q6 is in the on state, 
since the conductance on the p-channel side is relatively high, the input voltage V used for 
obtaining low level according to the conductance ratio is a relatively high voltage, such as logic 
threshold voltage VH. When the voltage V of said capacitor C exceeds logic threshold voltage 
VH, its output becomes low level. As a result, the output of the NOR gate circuit is changed 
from low level to high level. When the output of said NOR gate circuit G3 becomes high level, 
p-channel type switch MOSFET Q6 is turned off, and n-channel type switch MOSFET Q5 is 
turned on. In this way, capacitor C is switched to the discharging operation performed by the 
drain current of MOSFET Q2. Also, because of the high level of the output of said NOR gate 
circuit G3 p-channel, MOSFET Q9 is turned off and n-channel MOSFET Q8 is switched to the 
on state. As a result, the output of the CMOS inverter circuit receiving voltage V of said 
capacitor C has an offset to the low level side as opposed to the aforementioned case. The 
threshold voltage becomes relatively low such as VL. Consequently, the aforementioned 
discharge operation is performed until voltage V of capacitor C drops below said logic threshold 
voltage VL. When this operation is repeated, oscillation signal <|> is obtained from the output of 
NOR gate circuit G3. 

The charge/discharge current of said capacitor C varies according to said control voltage 
VC. For example, with respect to the charge/discharge waveform shown by the solid line in the 
figure, when control voltage VC is raised, the charge/discharge current becomes large. As a 
result, the charge/discharge time with the aforementioned offset voltage width (VH-VL) 
decreases as indicated by the dotted line shown in the figure. Therefore, the oscillation frequency 
is increased. On the other hand, when control voltage VC is lowered, the charge/discharge 
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current is reduced. As a result, the aforementioned charge/discharge time increases. Therefore, 
the oscillation frequency is lowered (not shown in the figure). 

Also, when high level (logic "0") is supplied to control terminal C, the output of NOR 
gate circuit G3 is fixed at low level. Therefore, the aforementioned oscillation operation is 
stopped. In this application example, when the voltage-controlled oscillation circuit VCO 
undergoes oscillation again because of the low level at control terminal C, oscillation is 
performed by the charge/discharge operation with respect to said capacitor C. Therefore, 
abnormal oscillation occurring when using a crystal vibrator, etc., can be avoided, and a good 
response property can be obtained. 

Effect 

( 1 ) An external terminal coupled with a vibrator or another external circuit network, an 
amplifier circuit that constitutes a vibration circuit by coupling the aforementioned external 
circuit network, and a PLL circuit using a relatively low-frequency signal obtained from the 
output of the amplifier circuit are used to obtain a relatively high-frequency signal. In this way, a 
digital information processing device including an internal circuit that operates using a relatively 
low-frequency signal and an interna) circuit that operates at high-speed using a relatively high- 
frequency signal are obtained. The number of external terminals and external parts can be 
reduced. 

(2) When the operation of the PLL circuit that forms the aforementioned relatively high- 
frequency signal is selectively stopped, the power consumption of the internal circuit that 
operates at high speed can be reduced. 

(3) When the relatively high-frequency signal is formed using the PLL circuit according 
to said (1), a very stable system clock signal for information processing can be obtained. 

(4) When the system clock signal is formed based on the output of the voltage-controlled 
oscillation circuit that constitutes the PLL circuit, abnormal oscillation occurring when using a 
crystal vibrator can be prevented. Also, since a signal phase locked to the aforementioned 
relatively low frequency can be obtained, the timing of sending out the clock when the system is 
restarted can be simplified. 

The present invention has been explained in detail based on an application example. The 
present invention, however, is not limited to this application example. Various modifications can 
be made as long as they do not deviate from the main point of the invention. For example, the 
voltage-controlled oscillation circuit VCO can be connected to a link oscillator, which is formed 
by connecting an odd number of inverter circuits in a link form, via a transmission gate 
MOSFET that enters an operating state upon receiving the aforementioned control voltage. Also, 
the other circuits that constitute the PLL circuit and other internal circuits can adopt various 
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embodiments. The PLL circuit can also selectively supply a clock signal to the microprocessor or 
other internal circuits in a constant operation state. 

Application field 

The present invention can be applied to various types of digital information processing 
devices, such as a microcomputer, which includes an internal circuit, such as a timer circuit, that 
is in a constant operation state using a relatively low-frequency signal and an internal circuit that 
requires a relatively high-frequency signal for high-speed operation. 

Brief description of the figures 

Figure 1 is a block diagram illustrating an application example when the present 
invention is applied to a one-chip microcomputer. 

Figure 2 is a block diagram illustrating an application example of the oscillation circuit 
and the clock-generating circuit 

Figure 3 is a circuit diagram illustrating an application example of the voltage-controlled 
oscillation circuit. 

Figure 4 is a waveform diagram explaining an example of operation of the 
aforementioned voltage-controlled oscillation circuit. 


LSI 

Semiconductor integrated circuit device 

CPU 

Microprocessor 

CPU-CONT 

CPU controller 

ALU 

Arithmetic logic unit 

A 

Accumulator 

X 

Index register 

cc 

Status register 

SP 

Stack pointer 

PCH, PCL 

Program counter 

RAM 

Random access memory 

ROM 

Read only memory 

I/O 

Input/output port 

I 

Special port for input 

OSC 

Oscillation circuit 

COUT 

Counter 

COUT 

Controller 

PR 

Frequency divider 



CPG 

Clock-generating circuit 

LCD-DRV 

Liquid crystal driving circuit 

VCO 

Voltage-controlled type oscillation circuit 

PSC 

Prescaler 

PD 

Phase comparator 

LPF 

Low-pass filter 
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